ABSTRACT
INTRODUCTION
The genes in the genome are selectively expressed by transcription factors binding to their promoter regions. Transcription factors recognize specific sequence patterns on the promoter region and bind to them for the regulation of gene expression (Pennacchio et al., 2001) . What regulatory factors bind to an interesting gene is important information to understand the function of that gene.
Currently, several databases, such as TRANSFAC (Matys et al., 2003) , JASPAR and EPD (Schmid et al, 2004) , provides cis-transcription regulatory information. But they are limited to the experimentally verified data obtained by searching published literature. HomGL (Bluthgen et al., 2004) provides promoter sequences with homologous information, but it doesn't offer binding sites information in depth.
TFExplorer provides putative transcription factor binding sites for all of the RefSeq (Pruitt et al., 2001) known genes of human, mouse and rat. Binding sites were predicted by MATCH program in TRANSFAC which is one of the most popular transcription factor databases. However, the current approaches for the prediction of transcription factor binding sites are plagued with many false positives. The comparative information from multiple species provides a promising approach to alleviating those problems, because biologically functional regions are highly conserved in evolution, compared with other regions (Moses et al., 2004 . For that reason, TFExplorer offers the comparative information derived from the multiple sequence alignments among human, mouse and rat. Additionally, it provides a functionality of searching for genes that have a given sequence pattern in their promoter regions using the motif-searching method. 
METHODS
We used several databases such as UCSC Genome Browser, TRANSFAC and NCBI databases to construct TFExplorer. For the prediction of transcription factor binding sites, 3000bp upstream and 2000bp downstream regions from the transcription start site were obtained from UCSC Genome Browser for each RefSeq gene. We used these sequences to predict sites bound by transcription factors. The MATCH program in the TRANSFAC 8.1 was used to predict binding sites. We set the parameters of the MATCH stringently. Only the high quality matrices in vertebrates are selected for the prediction, and the option for minimizing false positives was chosen.
To get the comparative information of conservation, we used the genome-to-genome multiple alignments among human, mouse and rat that were provided in UCSC Genome Browser. Their pairwise and multiple aligments were computed using BLASTZ and MULTIZ (Blanchette et al., 2004) .
For each binding site, we cut the sequence fragment from multiple alignments and scored it to show the degree of conservation with the same scoring matrices used by UCSC Genome Browser. About 63% of predicted binding sites have comparative information. The mean of their scores is 33.9, whereas the means of exon regions and non-binding upstream regions are 71.16 and 25.27 respectively. Non-binding upstream regions are promoter areas where no transcription factor binding was predicted. As expected, exon regions are more conserved than other regions. 49.87, the 10% quantile of scores in exon regions is located at the 65% quantile of scores of predicted binding sites and the 98% quantile in non-binding regions. According to the result, a significant portion of putative transcription factor binding sites can be eliminated by adjusting the cut-off values. More detailed information about the scoring strategy and the result is provided in the web site. TFExplorer uses MySQL as a database and was implemented as a java-based web program.
DISCUSSION
TFExplorer is expected to be a useful resource as the first step for those biologists who are interested in the regulation of gene expression by providing a variety of information on genes as well as transcriptional regulatory information. The conservation information for each binding site could also help to remove a significant amount of false binding sites. As an application area, it would be a good approach to combine transcription factor binding site data provided here and microarray expression data to elucidate complicated gene regulatory mechanisms. 
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